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Breast Cancer Resistance Protein (BCRP) and the DNA Which Encodes It 

This application is t based upon U.S. Provisional 60/073763, filed 2/5/98. 

Field of the Invention 

The invention relates to the family of proteins known as 
multidrug resistance proteins. These proteins are xenobiotic 
transporters which confer resistance to cancer chemotherapeutic drugs. 
The invention describes a new protein member of this family called 
Breast Cancer Resistance Protein (BCRP) and the DNA which encodes it. 

Background of the Invention 

The development of resistance to multiple chemotherapeutic 
drugs frequently occurs during the treatment of cancer. Two 
transmembrane xenobiotic transporter proteins, P-glycoprotein (Pgp) 
and the multidrug resistance protein (MRP) are capable of causing ~ 
multidrug resistance when transfected into drug-sensitive cells in 
culture (1,2). Despite this, the role that these transporters play in clinical 
drug resistance exhibited by human cancers is unclear, and alternate or 
additional drug resistance mechanisms operative in this disease have 
been sought. 

To address this problem, Chen et. al. (3) selected human breast 
carcinoma MCF-7 cells for resistance to the anthracycline doxorubicinin 
the presence of verapamil, an inhibitor of Pgp. The resultant 
multidrug resistant subline, MCF-7 /AdrVp, exhibits marked 
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Summary of the Invention 

The discovery described in the instant invention fulfills the 
above needs. The discovery of the BCRP and its corresponding gene 
greatly advance the knowledge in the art of the drug resistance 
mechanism by providing a novel xenobiotic transporter which is 
overexpressed in a variety of drug-resistant human cancer cell lines> 
and confers resistance to many chemotherapeutic agents. 

BCRP is an about 655 amino acid protein and is encoded by a 
gene which has about 2418 nucleotide cDNA. The protein 
demonstrates activity and has a sequence homology which places it in 
the ATP-binding cassette (ABC) superfamily of transporter proteins. 
The molecular mass is approximately 72.3 kilodaltons (kD) exclusive of 
any glycoylation. Expression of BCRP in drug-sensitive human cancer 
cells confers resistance to mitoxantrone, doxorubicin, and 
daunorubicin, and reduces daunorubicin accumulation in the cloned 
transfected cells. 

It is an object of the present invention to provide a mammalian 
protein that is a multi-drug resistant (MDR) protein and a xenobiotic 
transporter, and is called Breast Cancer Resistance Protein (BCRP). 

It is also an object of the present invention is to provide the gene 
and /or cDNA which encodes said mammalian MDR protein. 

It is another object of the invention to provide antisense 
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fragments of the BCRP gene which inhibit the expression of the BCRP 
in vivo. 

Yet another object of the present invention is to provide a 
method of using probes derived from the BCRP gene as a diagnostic 
5 tool to quantify gene expression or gene amplification in specimens 

taken from patients with cancer. 

It is another object of the invention to provide antibodies to the 

BCRP. 

It is yet another object of the invention to provide a method of 
10 reversing the drug resistance of the cancer cells by administering BCRP 

antibodies. 

It is yet another object of the invention to provide a method of 
reversing the drug resistance of the cancer cells by administering 
Fumitremorgin C. 

15 It is another object of the invention to provide a method of 

enhancing a patient's chemotherapy treatment for breast cancer by 
administering antibodies to the patient to inhibit the resistance-activity 
of BCRP. 

These and other objects of the present invention, which will be 
20 apparent from the detailed description of the invention provided 

hereinafter, have been met, in one embodiment, by substantially pure 
BCRP and the gene encoding BCRP. 
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Brief Description of the Drawings 

Figure 1A is an autogradiograph of the RNA fingerprinting of 
MCF-7 cells. 

Figure IB is an autoradiograph of a Northern blot hybridization 
of mRNA from MCF-7/ W, MCF-7/ AdrVp, and MCF-7/ AdrVpPR cells. 

Figure 1C is an autoradiograph of a genomic Southern blot 
hybridization of DNA from MCF-7/ AdrVp, MCF-7 /W and 
MCF-7/ AdrVpPR cells. 

Figure 2A is the deduced amino acid sequence of BCRP with 
motifs. 

Figure 2B shows the relative similarity of BCRP to selected 
members of the ABC transporter superfamily. 

Figure 2C is the cDNA sequence which encodes the BCRP. 

Figure 2D is a graph of a phylogram showing the evolution of 
the amino acid seqeunce of BCRP in relation to certain other members 
of the ABC family of transport proteins. 

Figure 3 shows an autoradiograph of a multiple tissue Northern 

blot. 

Figure 4A is an autoradiograph of a Northern blot of subclones 
of BCRP transfectants. 

Figure 4B is a graph of Daunorubicin (DNR) accumulation and 
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retention in the pcDNA3 vector control cells and BCRP-transfected 
clones 6 and 8. *, 

Figure 4C shows the relative resistance factors-MCF-7, vector 
control, clones 19, 6, and 8. 
5 Figure 4D are graphs showing the effect of various 

chemotherapeutic drugs' concentrations on BCRP-transfected MCF-7 
clone 8 cell survival. 

Figure 4E shows a graph of the effects of ATP deletion of the 
retention of rhodamine 123 by transfectant MCF-7/ pcDN A3 (empty 
10 vector control) or MCF-7/BCRP clone 8 cells. 

Figure 5 is a table showing the effect of various 
chemotherapeutic drugs on BCRP-transfected MCF-7 cells. 

Figure 6 is an autoradiograph showing the expression of Human 
w gene in MCF-7 cells detected by the Reverse 
15 Transcription-Polymerase chain reaction (RT-PCR). 

Figure 7 is an autoradiograph showing the expression of BCRP 
in samples of blast cells from patients with acute myelogenous 
leukemia. 

Figure 8A, 8B, and 8C are autoradiographs showing the results of 
20 Northern blot hybridizations of mRNA from various drug resistant 

cell lines probed with a BCRP probe. 

Figure 9 is an autoradiograph of a Southern blot hybridization 
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from various MCF-7 cell lines. 

Figure 10 is a graph showing the results of administration of FTC 
to BCRP transfected cells. 



Detailed Description of the Invention 

A novel gene and the protein encoded by said gene, called the 
Breast Cancer Resistance-associated Protein (BCRP) are described in the 
instant invention. The BCRP is shown to be overexpressed in human 
multi-drug resistant (MDR) breast carcinoma cells, colon carcinoma, 
gastric carcinoma, fibrosarcoma, and myeloma origin. The BCRP is a 
xenobiotic transporter which confers resistance to multiple 
chemotherapeutic drugs, and belongs to the ABC transporter 
superfamily. The BCRP appears to be responsible for the alteration in 
drug transport and drug resistance manifested by various cancer cells. 

The present invention pertains partially to the BCRP, to 
fragments of this factor, as well as to functional derivatives, agonists 
and antagonists, and metabolic breakdown products of this factor. The 
BCRP amino acid sequence is depicted in SEQ ID No. 1 and Figure 2A. 
The invention especially concerns agents which are capable of 
inhibiting BCRP, preferably antibodies to BCRP or antisense probes to 
the BCRP gene. The invention further encompasses chemical agents 
which inhibit expression of the BCRP gene or mRNA, including 
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Fumitremorgin C (FTC). The invention also concerns methods of 
inhibiting activity of BCRP or expression of the BCRP gene by 
administering such agents. 

A "functional derivative" of BCRP is a compound which 
possesses a biological activity (either functional or structural) that is 
substantially similar to a biological activity of BCRP. The term 
"functional derivatives" is intended to include the "fragments," 
"variants," "analogues," or "chemical derivatives" of a molecule. A 
"fragment" of a molecule such as BCRP, is meant to refer to any 
polypeptide subset of the molecule. A functional fragment means that 
a molecule with a similar, but not identical, amino acid sequence, but 
has the same function of the full length BCRP. A "variant" of a 
molecule such as BCRP is meant to refer to a molecule substantially 
similar in structure and function to either the entire molecule, or to a 
fragment thereof. A molecule is said to be "substantially similar" to 
another molecule if both molecules have substantially similar 
structures or if both molecules possess a similar biological activity. 

Thus, provided that two molecules possess a similar activity, 
they are considered variants as that term is used herein even if the 
structure of one of the molecules is not found in the other, or if the 
sequence of amino acid residues is not identical. An "analogue" or 
agent which mimics the function of a molecule such as BCRP is meant 
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to refer to a molecule substantially similar in function but not in 
structure to either the entire molecule or to a fragment thereof. As 
used herein, a molecule is said to be a "chemical derivative" of another 
molecule when it contains additional chemical moieties not normally 
5 a part of the molecule. Such moieties may improve the molecule's 

solubility, absorption, biological half life, etc. The moieties may 
alternatively decrease the toxicity of the molecule, eliminate or 
attenuate any undesirable side effect of the molecule, etc. Moieties 
capable of mediating such effects are disclosed in Remington 's 

10 Pharmaceutical Sciences (1980). Procedures for coupling such moieties 

to a molecule are well known in the art. More specifically, the scope of 
the present invention is intended to include functional derivatives of 
BCRP which lack one, two, or more amino acid residues, or which 
contain altered amino acid residues, so long as such derivatives exhibit 

15 the capacity to influence cell resistance to chemotherapy. 

An "antagonist" of BCRP is a compound which inhibits the 
function of BCRP. Such antagonists can be immunoglobulins (such as, 
for example, monoclonal or polyclonal antibody, or active fragments of 
such antibody). The antagonists of the present invention may also 

20 include non-immunoglobulin compounds (such as polypeptides, 

organic compounds, etc.), and substrates of BCRP transport that may 
modulate or inhibit the transport of cytotoxic drugs. Antagonists, or 
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inhibitors of BCRP are one embodiment of the invention. These 
antagonists or inhibitors are useful for inhibiting the drug resistance 
effect caused by BCRP on cancer cells. The preferred inhibitor is an 
antibody raised to the BCRP, an antigenic fragment thereof, or a drug 
which blocks BCRP transporter activity. A preferred inhibitor which is 
a drug is fumitremorgin C (FTC), a mycotoxin. FTC was obtained from 
Dr. Lee Greenberg at Wyeth-Ayerst Laboratories in Pearl River, New 
York. 

A polyclonal antibody capable of binding to BCRP can be 
prepared by immunizing a mammal with a preparation of BCRP or 
functional derivative of BCRP. Methods for accomplishing such 
immunizations are well known in the art. Monoclonal antibodies or 
fragments thereof can also be employed to assay for the presence or 
amount or BCRP in a particular biological sample. Such antibodies can 
be produced by immunizing splenocytes with activated BCRP (7). The 
BCRP-binding antibodies of the present invention can be administered 
to patients to reduce resistance to chemotherapy drugs, and hence 
enhance their treatment. Methods of administration will depend on 
the particular circumstances of each individual patient and are within 
the skill of those skilled in the art. 

The BCRP of the present invention may be obtained by natural 
processes (such as, for example, by inducing the production of BCRP 
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from a human or animal cell); by synthetic methods (such as, for 
example, by using the Merrifield method for synthesizing polypeptides 
to synthesize BCRF, functional derivatives of BCRP, or agonists or 
antagonists of BCRP (either immimoglobulin or 
non-immunoglobulin); or by the application of recombinant 
technology (such as, for example, to produce the BCRP of the present 
invention in diverse hosts, e.g., yeast, bacterial, fungi, cultured 
mammalian cells, to name a few, or from recombinant plasmids or 
viral vectors). The compounds of the present invention are said to be 
"substantially free of natural contaminants" if preparations which 
contain them are substantially free of materials with which these 
products are normally and naturally found. 

The choice of which method to employ will depend upon factors 
such as convenience, desired yield, etc. It is not necessary to employ 
only one of the above-described methods, processes, or technologies to 
produce BCRP; the above-described processes, methods, and 
technologies may be combined in order to obtain BCRP. It is most 
preferable to prepare BCRP by expressing the gene or cDNA sequence 
which encodes the BCRP protein. Such gene or cDNA sequence 
hereinafter termed the "BCRP gene" or "BCRP cDNA sequence". 

The technique of RNA fingerprinting was employed to clone 
the BCRP cDNA. RNA fingerprinting uses the polymerase chain 
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reaction (PCR) and degenerate primer pairs to amplify cellular mRNA. 
This technique is based on modifications of the technique of 
'Differential Display of mRNA" developed by Liang and Pardee (6). 
We used these techniques as a means to discover genes that are 
differentially expressed in drug-selected cell lines compared to parental 
cells. The major difference between RNA Fingerprinting and 
Differential Display is that the mRNA fingerprinting protocol uses a 
single cDNA synthesis reaction, followed by amplification with 
upstream and downstream primers. Differential Display uses 9 to 12 
cDNA syntheses for each RNA sample with an anchored oligo(dT) 
primer, followed by amplification with an upstream primer. 

The cloned BCRP gene, obtained through the methods described 
above and in the examples, may be operably linked to an expression 
vector, and introduced into bacterial, or eukaryotic cells to produce 
BCRP protein. Techniques for such manipulations are disclosed in 
Maniatis, T. et al supra, and are well known in the art (8). 

The BCRP cDNA sequence is about 2418 nucleotides long. The 
BCRP cDNA is depicted in SEQ ID No. 2 or Figure 2C The BCRP cDNA 
can be used to express the BCRP. Also, the BCRP cDNA sequence, or a 
portion thereof, can be used as a probe in a Northern blot assay or for 
selection of probes in a RT-PCR assay to measure BCRP mRNA in 
various tissue samples. Measurement of expression of BCRP by 
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Northern blot or RT-PCR assay can be determinative of drug response 
to chemotherapeutic drugs over time. The techniques for these assays 
are described in the examples and are well-known in the art (8). 
Therefore, such an assay could be used to determine if a patient's 
failure to respond to chemotherapy is due to overexpression of BCRP, 
and hence resistance to the drugs. Also, antisense probes could be 
developed based on the cDNA sequence depicted in SEQ ID 2 and figure 
2C These probes can be administered to patients to bind to the BCRP 
cDNA endogenously and hence inhibit the expression of the BCRP. 
Such a therapy could be used to halt or slow a patient's propensity to 
become resistant to the chemotherapy drugs and hence render 
treatment more effective. Techniques for the production and 
administration of antisense probes are well known in the art. 
Techniques of nucleic acid hybridization and cloning are well known 
in the art (8). 

The data presented in the examples and corresponding figures 
strongly support the conclusion that the novel ABC family member 
BCRP reported here is a xenobiotic transporter that is primarily 
responsible for the drug resistance phenotype of MCF-7/ AdrVp cells. 

The overexpression of BCRP in several cancer cell lines is also 
shown in the present invention. These cell lines include colon 
carcinoma cells SI, HT29, gastric carcinoma cells EPG85-257, 
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fibrosarcoma cells EPR86-079, and myeloma 8226 cells. The 
overexpression of BCRP mRNA in each of these cell lines, and the 
amplification of the BCRP gene in the drug-resistant cells demonstrate 
an important role for BCRP in resistance to cytotoxic agents. 
Furthermore, the enforced overexpression of BCRP in MCF-7 cells 
diminished daunorubicin cellular accumulation and imparted a 
pattern of drug cross-resistance to the transf ected cells that was 
virtually identical to that of MCF-7/ AdrVp cells. The degree of 
overexpression of BCRP in transfectant clones 6 and 8 correlates with 
the alterations in the intracellular steady state level of daunorubicin 
and their degree of resistance to mitoxantrone, daunorubicin and 
doxorubicin. 

A major difference between the BCRP-overexpressing 
transfectant clones and the original MCF-7/ AdrVp subline is that the 
degree of drug resistance in the latter is greater than in the transf ected 
cells, while the steady state BCRP mRNA levels in each are comparable 
(Figure 4A). A number of possibilities may contribute to this 
difference. Differences in protein stability and /or localization may 
contribute to the full drug-resistant phenotype, or the expression of 
other proteins may be required. Recently, we reported that members of 
the carcinoembryonic antigen (CEA) family, primarily the non-specific 
cross reacting antigen (NCA) and CEA itself, are markedly 
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overexpressed on the cell surface of MCF-7/ AdrVp and 
MCF-7/ AdrVpPR cells compared to drug-sensitive MCF-7 cells (15). A 
high density of these acidic glycoproteins on the cell surface may 
protonate drugs such as mitoxantrone, daunorubicin or doxorubicin 
which prevents entry into the cell. Indeed, Kawaharata, et.al (16) 
reported that the enforced expression of CEA in transfected NIH3T3 
cells results in both diminished accumulation of and resistance to 
doxorubicin in the transfected cells. Hence, the relative overexpression 
of CEA family members on the MCF-7/ AdrVp cell surface could act in 
concert with BCRP to cause greater resistance to mitoxantrone, 
doxorubicin and daimorubicin than that caused by BCRP alone. This 
hypothesis could be tested by co-transfecting the MCF-7/ BCRP-clone 8 
subline with an expression vector containing NCA or CEA. 

Another possible explanation for the greater degree of resistance 
of MCF-7/ AdrVp cells compared to the transfectants is that BCRP is 
part of a multiprotein transporter complex. The translocation pathway 
of typical ABC transporters consists of two ATP-binding domains and 
two highly hydrophobic domains which contain membrane-spanning 
regions. This can be accomplished in a single molecule, as is the case of 
MRP or Pgp, which are twice the size of BCRP (approximately 1,300 
compared to 655 amino acids). Alternatively, the active complex of 
certain ABC transporters can be formed by the heterodimerization of 
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two non-identical proteins, each of which contains a single 
ATP-binding and hydrophobic region. The w and brown (b) proteins of 
Drosophila and the Tap-1 and Tap-2 proteins that transport major 
histocompatibility class I proteins are examples of ABC family 
members that exhibit such a cooperative interaction. The presence of 
the phosphopantetheine attachment site on BCRP suggests that BCRP 
may be a part of a multiprotein complex. Thus, it is possible that BCRP 
has a protein cofactor(s) which makes it a much more efficient 
transporter in a heteromeric state. The activation or overexpression of 
this cof actor in MCF-7/ AdrVp relative to MCF-7 cells could explain the 
increased drug transport in the MCF-7/ AdrVp subline relative to the 
BCRP transfectants. 

The finding of elevated expression of BCRP mRNA in the 
human colon carcinoma S1M1-3.2 cells suggests that BCRP is the "non- 
Pgp, non-MRP" drug transporter manifested by this multidrug- 
resistant cell line. This is of particular importance because of the recent 
report (25) of a specific inhibitor of the transporter identified in S1M1- 
3.2 cells. This inhibitor, fumitrimorgin C (FTC), does not reverse 
resistance in cells that overexpress Pgp or MRP. Figure 10 shows that 
FTC is able to enhance the accumulation and inhibit the efflux of BBR 
3390 (an aza-anthrapyrazole drug that is effluxed by BCRP) in BCRP- 
transfected MCF-7 cells. 
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The following examples are provided for illustrative purposes 
only and are in no way intended to limit the scope of the present 
invention. All references cited are incorporated by reference. 



Examples 

Cell lines. MCF-7 breast carcinoma cells, their drug- resistant 
subline MCF-7/ AdrVp, and a partially drug-sensitive revertant subline 
(MCF-7/ AdrVpPR, obtained from Dr. Antonio Fojo, Medicine Branch, 
National Cancer Institute), were maintained in culture as described 
previously (5). The MCF-7 /AdrVp subline was continuously 
maintained in the presence of 100 ng/ml doxorubicin (Pharmacia 
Adria, Dublin, OH) and 5 jig/ ml verapamil (Sigma Chemicals, St. 
Louis, MO). 

Growth conditions for the cell lines used in the Northern blot 
studies are contained in the references listed in Table 1. The S1M1-3.2 
colon carcinoma cells were derived from SI cells (a subclone of human 
colon carcinoma cell line LS174T) by selection for growth in increasing 
concentrations of mitoxantrone until a final concentration of 3.2 nM 
was acheived. HL-60/MX2 cells were purchased from the American 
Type Culture Collection (Manassas, VA), and maintained in culture as 
described previously (17). 
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Example 1 : Synthesis of cDNA by reverse transcription of 
mRNA 

Purified total cellular RNA (2 /ig) from MCF-7/W, 
MCF-7/ AdrVp or MCF-7/AdrVpPR cells which have partially reverted 
5 to drug sensitivity by culture in the absence of the selecting agents were 

reverse transcribed with 200 units of Moloney murine leukemia virus 
reverse transcriptase in the presence of an oligo(dT) primer (0.1 jiM), 
and 1 mM dNTP at 42°C for 1 hour. The reactions were terminated by 
heating at 75°C for 10 minutes. The cDNAs thus produced were stored 
10 at -20°C until further use. 



Example 2 RNA Fingerprinting 

RNA fingerprinting was performed using the Delta™ RNA 
fingerprinting kit (Clontech Laboratories, Palo Alto, CA), with minor 
15 modifications. RNA fingerprinting is accomplished by amplification of 

the cDNA by the polymerase chain reaction (PCR), using random 
primers. 

For each fingerprinting reaction, cDNA diluted 1:10 (dilution A) 
or 1:40 (dilution B) from each cell line was amplified with one 
20 upstream (P) and one downstream (T) primer in the presence of 50 

dNTP, 50 nM [ 33 P]dATP, and the "Advantage KlenTaq Polymerase 
Mix" supplied with the Clontech kit. The upstream P primers were 
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arbitrary 25-mers. The downstream T primers were 30-mer anchored 
oligo(dT)primers whose 3' terminal contained the sequence 
5'-T 0 N,N..-3 , / where N n is A, C or G. The P primer binds to the cDNA 

9 1 i -l 

based on chance homology. We paired ten P primers and nine T 
primers to give 90 possible combinations. 

The first three PCR cycles were performed at a relatively low 
stringency (annealing temperature 40°C). Because of this, the P primer 
bound imperfectly, which increased the number of amplified products. 
The products of these early cycles were then amplified by 24 PCR cycles 
at high stringency (annealing temperature 60°C). Control PCR 
reactions were prepared containing sterile water instead of cDNA 
(water control), or 0.02 /ig of total cellular RNA (RNA control). The 
RNA controls were prepared to assess whether the RNA was 
contaminated with genomic DNA. 

Following the PCR reaction, a small amount of each reaction 
mixture was loaded onto a 5% polyacrylamide gel, after which the gels 
were dried, then autoradiographs made (Figure 1A). These 
autoradiographs demonstrated a characteristic "RNA Fingerprint" 
pattern of 50 to 100 PCR product bands of 100 to 2000 nucleotides in 
length. Lanes 1, 3, and 5 are reaction mixes where cDNA diluted 1:10 
(dilution A) was added; lanes 2, 4, and 6 represent reaction mixtures 
where cDNA diluted 1:40 (dilution B) was added. Lanes 7 and 8 are 
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// H 2 0 controls", where sterile water was added to the PCR reaction 

mixture instead of cDNA. Lanes 9, 10 and 11 are "RNA controls", 
where 0.02 /ig of cellular RNA from MCF-7/ W, MCF- 7/ AdrVp, or 
MCF-7/AdrVpPR cellular is added instead of cDNA. These "RNA 
controls" serve to indicate contamination of the RNA with genomic 
DNA. The autoradiographs were inspected for PCR products that were 
produced in greater abundance in reactions that used reverse 
transcribed RNA from MCF-7/AdrVp cells, compared to those that 
used RNA from MCF-7 /W or MCF-7/ AdrVpPR cells (Figure 1A). The 
ARROW indicates a PCR product that represents a mRNA species that 
is overexpressed in MCF-7 /AdrVp cells, compared to MCF-7 /W or 
MCF-7/ AdrVpPR cells. This is the PCR product that was cut out of the 
gel and amplified and cloned using the "TA Cloning" method, the 
desired clone of which was called Clone 8 (see below). 

Example 3: Amplification of the target cDNA by TA cloning 
The PCR product overexpressed in MCF-7/ AdrVp cells was 
excised from the dried gel and eluted by boiling in 40 ml ddH 2 0 for 5 

min, then amplified by PCR for 20 cycles using the original primers and 
separated on 2% agarose/ ethidium bromide gels. These PCR products 
were then ligated into a TA Cloning Vector" plasmid, pCR®2.1, which 
was then cloned using standard techniques for PCR products (Original 



WO 99/401 1 0 2Q PCT/US09/O2577 

TA Cloning® Kit, Invitrogen Corporation, San Diego, CA). 

The pCR®2.1 plasmids containing the PCR product were used to 
transform the TOP 10F strain of £. coll Individual bacterial colonies 
were picked and plasmid DNA was isolated by minipreps (Wizard™ 
Miniprep, Promega, Madison, WI). Plasmid DNA was amplified by 
PCR with the original "P" and "T primers, then subjected to gel 
electrophoresis. The original sized band was cut out, and the DNA was 
isolated by boiling in 100 j/1 ddH 2 0 at 100°C for 5 min. An aliquot of 

the DNA was reamplified by PCR with the original primers for 20 
cycles. A single band was visualized on ethidium bromide gels which 
was cut out, electroeluted then precipitated. 



Example 4 Isolation of the BCRP clone 

The "reverse" Northern blot method was used to screen the TA 
vector clones. Briefly, a "reverse" Northern analysis was performed as 
follows. The PCR product isolated from 12 different colonies of E. coli 
that was transformed by the pCRZl plasmid were fixed in duplicate to 
Zeta Probe (BioRad, Richmond, CA) membranes in a slot blot 
apparatus. One of the duplicate membranes was probed with the 
[ 33 P]-labeled PCR reaction mixture that amplified MCF-7 cDNA using 
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the original "P" and "T" primers in the RNA Fingerprinting kit. The 
other membrane was probed with the original [ 33 P]-labeled parallel 
PCR reaction mixture that amplified the cDNA produced from 
MCF-7/AdrVp cells, using standard Northern blot conditions of 
hybridization, after which the binding of probe was assessed by 
autoradiography. A single TA clone (Clone 8 - SEQ ID No. 7) was thus 
identified whose PCR product insert identified a 2.4 kb mRNA species 
that was markedly overexpressed in MCF-7/ AdrVp cells, compared to 
MCF-7 cells (Figure IB, top panel). The partially revertant 
MCF-7/ AdrVpPR subline had intermediate expression of the 2.4 kb 
mRNA species (Figure IB, top panel). To control for equivalence in 
lane loading, the blot was stripped then reprobed with radiolabeled 18S 
RNA (Figure IB, bottom panel). 

Southern blots were performed using the Clone-8 PCR product. 
Briefly, DNA was isolated, digested with EcoRl, subjected to agarose gel 
electrophoresis, transferred and fixed to a nitrocellulose filter. The 
filter was probed with the Clone-8 PCR product that was end-labeled 
with [ 32 P]-dCTP, then the radioautograph shown was made (Figure 1C, 
top panel). This demonstrated that the cognate gene for BCRP was 
amplified in both MCF-7/ AdrVp and MCF-7/ AdrVpPR cells, compared 
to parental MCF-7 cells (Figure 1C, top panel). The lower panel in 
Figure 1C shows the ethidium bromide-stained agarose gel 
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electrophoretogram of the corresponding genomic DNA after digestion 
with EcoRl, to demonstrate approximate equivalence of gel loading. 



Example 5 Sequencing of the BCRP clone 

Sequencing of the cDNAs was performed with an automated 
DNA sequencer (Perkin Elmer, Inc., Foster City, CA). All DNA 
sequences were confirmed by sequencing in the reverse direction. The 
differentially expressed PCR product in the TA Clone 8 was sequenced 
and found to be a 795 bp cDNA (SEQ ID No. 7). Protein database 
searches of the deduced amino acid sequence revealed a high degree of 
homology to members of the ABC superfamily of transporter proteins. 

Example 6 Isolation of the full-length BCRP cDNA 
An MCF-7/ AdrVp cDNA library was constructed using the 
CapFinder™ PCR cDNA library construction kit (Clontech) according 
to the manufacturer's protocol. The CapFinder™ technique is 
designed specifically to produce full-length double stranded cDNA. 
The 795 bp Clone 8 cDNA fragment was radiolabeled and used as a 
probe to screen the cDNA library prepared from MCF-7/ AdrVp cells. 
Positive clones isolated were subjected to secondary and tertiary 
screening, then tested by Northern blot hybridization using RNA 
obtained from MCF-7, MCF-7/ AdrVp and MCF-7/ AdrVpPR cells. 
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Multiple clones were found to have 2.4 kb inserts, the approximate size 
of the BCRP mRNA suggested by Northern blotting. 

Four of the 2.4 kb inserts were ligated into the pCR2.1 plasmid, 
then these TA vectors were cloned in E. coli (as described above). One 
TA vector clone containing a 2.4 kb cDNA fragment insert was 
identified and isolated. Sequencing of the 2.4 kb cDNA insert was 
performed with an automated DNA sequencer (Perkin Elmer Inc., 
Foster City, CA). All DNA sequences were confirmed by sequencing in 
the reverse direction. After sequencing, the cDNA insert was found to 
be 2418 bp in length as in Figure 2C or SEQ ID No. 2. Analysis of the 
cDNA for open reading frames (ORF) using the program "FRAMES" 
contained in the Genetics Computer Group (GCG) software package 
indicated the presence of a long ORF that began at position 239, and 
ended with the stop codon TAA at position 2204-6. The deduced 
amino acid sequence of this ORF is shown in Figure 2A, and SEQ ID 
No. 1. The protein has 655 amino acids and a approximate molecular 
weight of about 72.3 kilodaltons. The protein encoded by this sequence 
has been designated Breast Cancer Resistance Protein, or BCRP (Figure 
2A). 

Analysis of the sequence of BCRP with the GCG program 
"MOTIFS" demonstrated a single Walker "A" ATP/GTP binding 
region (11) at amino acids 80-87 and a phosphopantetheine attachment 
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site at amino acids 213-228 (Figure 2A). Phosphopantetheine (or 
pantetheine 4' phosphate) is the prosthetic group of acyl carrier 
proteins in some multienzyme complexes where it serves in the 
attachment of activated fatty acid and amiho-acid groups (12). 
5 Examination of BCRP structure with GCG programs "PEPPLOT" 

and "PLOTSTRUCTURE" revealed a relatively hydrophilic amino- 
terminal domain (amino acids 1-400) that contains the ATP-binding 
sequence and a relatively hydrophobic carboxy-terminal domain 
(amino acids 401-655), containing at least three putative 
10 transmembrane domains (TM1, TM2, and TM3), and four potential 

N-glycosylation sites (Glyc) (Figure 2A). The transmembrane domains 
were estimated by the use of a program to predict helices in integral 
membrane proteins (13). Analysis of the BCRP sequence by the GCG 
program "DOTPLOT" demonstrates that the peptide is homologous 
15 with one-half of the duplicated Pgp or MRP molecule, except that Pgp 

or MRP have the configuration NH 2 -[transmembrane domains]-[ATP 

binding 1]- [transmembrane domains]-[ATP binding 2]-COOH, whereas 
that of BCRP is NH 2 -[ATP binding]- [transmembrane domains]-COOH. 

The relative similarity of BCRP to other members of the ABC 
20 transporter superfamily was determined using the "PILEUP" program 

of GCG. This analysis demonstrated that the peptide sequence of BCRP 
is only distantly related to P-glycoprotein (PgP or Mdrl) or MRP (Figure 
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2B). 

Example 7 Comparison of BCRP sequence to the w sequence 
Analyses of cDNA and deduced protein sequences were 
accomplished using protein and nucleotide sequence databases that 
were accessed using the Wisconsin Sequence Analysis Package Version 
8 (Genetics Computer Group [GCG], Madison, WI) which are available 
through the Frederick Cancer Research Center's Supercomputing 
Facility (Frederick, MD). 

A "FASTA" comparison of the BCRP amino acid sequence 
revealed a high degree of homology to at least 50 ATP-binding cassette 
transport proteins. The highest match was PIR2:G02068, the human 
homologue of the Drosophila white (w) gene, which has 638 amino 
acids, and is 29.3% identical to BCRP. The w gene in Drosophila 
functions in the cellular transport of guanine and tryptophan, which 
are retinal pigment precursors (9). We found that the human 
homologue of w is not overexpressed in MCF-7/ AdrVp cells compared 
to MCF-7 cells, as detected by a reverse-transcription PCR assay (Figure 
6). 

The program "Oligo" (Version 5.0, National Biosciences, Inc., 
Plymouth, MN) was used to help determine suitable primers for 
detection of the human homologue of w by reverse transcription-PCR. 
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These assays were done using a modification of those described 
previously for beta actin and MRP (10), except that primers specific for 
the w gene were used instead of MRP. The upper primer began at 5' 
position 2136 of human w mRNA, and had the sequence 5'-CGA CCG 
ACG ACA CAG A-3) (SEQ ID No. 3); The lower primer began at 3' 
position 2590, and had the sequence 5'-CTT AAA ATG AAT GCG ATT 
GAT-3') (SEQ ID No. 4). To assure uniformity of gel loading, a reverse 
transcription-PCR assay for beta-actin was also performed. The final 
concentrations of primers used was 200 nM. Twenty-five cycles of 
denaturation (94°C, 1 minute), annealing (50°C, 1 minute) and 
elongation (72°C, 2 minutes) were carried out. Figure 6 shows an 
agarose gel electrophoresis of an aliquot of the PCR reaction mixtures 
that used RNA from MCF-7 or MCF-7/ AdrVp cells demonstrating that 
both human w and beta-actin are expressed approximately equally in 
these cell lines. 

Example 8 : Northern blots of various human tissue with BCRP 
probe (Clone 8) 

Northern blotting with a 32 P-labeled Clone 8 cDNA probe was 
performed. Pre-blotted agarose gel-electrophoresed RNA from 
multiple tissues was purchased from Clontech, for use in multiple 
tissue Northern blot assays (Figure 3). The greatest expression of BCRP 
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was seen in placental tissue, with lower amounts of expression 
demonstrable in brain, prostate, small intestine, testis, ovary, colon and 
liver. BCRP transcripts were below the level of detection in heart, 
lung, skeletal muscle, kidney, pancreas, spleen, thymus and peripheral 
blood leukocytes. 

Example 9 : Expression of BCRP in MCF-7 cells-Functional 
Studies 

The full-length BCRP cDNA was inserted into the multiple 
cloning site of expression vector pcDNA3 (Invitrogen). Following 
subcloning of the pcDNA3-BCRP construct, DNA sequence analysis 
was performed to confirm that the insert in the clone that was chosen 
was in a sense orientation to the CMV promoter of the pcDNA3 vector. 
MCF-7 cells were transfected with pcDNA3-BCRP, using the calcium 
phosphate precipitation method (17), selected by culture with geneticin 
(G418, 1 mg/ml), then subdoned by limiting dilution in 96 well 
flat-bottomed culture plates. Subclones were tested for expression of 
BCRP mRNA by Northern blot analysis, using radiolabeled Clone 8 
cDNA as a probe (Figure 4A). As a control, MCF-7 cells were also 
transfected with the empty pcDNA3 vector, then selected by growth in 
medium containing 1 mg/ml G418 (Figure 4 A). Two clones of MCF-7 
cells transfected with pcDNA3-BCRP that were found to overexpress 
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BCRP (clones 6 and 8) were selected and expanded for further studies 
(Figure 4A). A third clone of pcDNA3-BCRP transfected cells, clone 19, 
did not overexpress BCRP, and was selected for study as a control. 

Example 10 : Effect of Chemotherapeutic Drugs on BCRP- 
transfected MCF-7 cells 

Daunorubicin accumulation and retention was examined in the 
transfected cells by means of flow cytometry. The BCRP-overexpressing 
clones 6 and 8 displayed diminished accumulation and retention of 
daunorubicin, compared to the veictor-transfected controls (Figure 4B), 
with intracellular steady-state concentrations of drug in clones 8 and 6 
respectively approximately 30% or 50% of that attained in the vector 
control cells. This difference was not due to differences in cell volume, 
since the volumes of the BCRP-overexpressing sublines tested was not 
less than that of the empty vector-transfected control cells. The cell 
volumes, measured by Coulter Channelyzer™ are 2515+56, 3074+112 
and 2459±56 urn 3 for MCF- 7/BCRP-clone 6, MCF-7 /BCRP-clone 8 and 
MCF-7/pcDNA3 vector control cells, respectively. These values are 
comparable to our previous measurements of MCF-7 cell volumes (5). 

The sensitivities of the various transfected sublines to 
chemotherapeutic agents were tested by the sulforhodamine-B (SRB) 
cytotoxicity assay (14). The LC defined as the concentration of drug 
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that caused lethality to 50% of the cells, was calculated. From this, the 
'Told of Resistance" (RF) was calculated by dividing the LC 50 for a 

given drug against a transfected cell line by the LC 50 of that drug against 

non- transfected MCF-7 cells. The BCRP-overexpressing clones 6 and 8 
displayed resistance to mitoxantrone, daunorubicin and doxorubicin, 
compared to non-BCRP-overexpressing clone 19 cells, MCF-7 cells, or 
the empty vector-transfected controls (Figures 4C, 4D, 5). Figure 5 
contains the median LC 50 values for multiple cytotoxicity experiments 

for all cell lines and drugs tested. Figure 4D shows typical LC 50 studies 

for the six drugs tested for MCF- 7/ W and MCF-7/ pcDNA3-BCRP 
clone8 cells to illustrate the data from which the LC 50 values were 

derived, and the accuracy of the measurements. The asterisk and solid 
line in Figure 4D indicate MCF-7/ W cells, the closed squares and dotted 
lines represent MCF-7 /pcDNA3-BCRP clone 8 cells. The vertical bars 
in the figure represent the standard deviation of six replicate 
determinations. 

Like MCF-7/ AdrVp cells, the MCF-7 /BCRP transfectant clones 6 
and 8 displayed the greatest degree of resistance to mitoxantrone. The 
pattern of cross-resistance displayed by the BCRP-overexpressing 
transfected cells is very similar to that displayed by MCF-7/ AdrVp cells, 
except that MCF-7/ AdrVp cells have greater relative resistance to all 
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cytotoxic drugs within the phenotype. The BCRP-transfected clones 6 
and 8 remained relatively sensitive to idarubicin, cisplatin and 
paclitaxel (taxol), as are MCF-7/ AdrVp cells (Figures 4C, 4D and 5). 

To determine the effects of ATP depletion on the retention of 
rhodamine 123 by the BCRP transfected cells compared to controls, cells 
were incubated in complete medium or under ATP-depleting 
conditions. MCF-7 cells were depleted of ATP by incubation in glucose- 
free DMEM containing 50mM 2-deoxy-D glucose and 15mM sodium 
azide for 20 minutes (37°C). Rhodamine 123 was added (0.5 j/g/ml final 
concentration) for an additional 30 minutes. The cells were placed on 
ice, washed free of rhodamine, and incubated under ATP-depleting 
conditions for an additional 30 minutes, and rhodamine retention was 
determined by flow cytometry (excitation 488nm, emission 520nm). 
This demonstrates that the transport function of BCRP appears to 
depend on ATP. 

Example 11 : Expression of BCRP in blast cells from patients with 
acute myelogenous leukemia (AML) as detected by 
a reverse-transcription polymerase chain reaction 
(RT-PCR) assay. 

The RT-PCR assays were performed using a modification of 
those described previously for beta actin and MRP (10), except that 
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primers specific for BCRP were used instead of MRP. For BCRP, the 
primers used were (sense) 5-TTA GGA TTG AAG CCA AAG G-3 1 (SEQ 
ID No. 5), and (antisense) 5 -TAG GCA ATT GTG AGG AAA ATA-3* 
(SEQ ID No. 6). The 5* end of the sense primer begins at nucleotide 
position 1727 of the BCRP cDNA (SEQ ID No. 2 and Figure 2C); the 3' 
end of the antisense probe corresponds to position 2152 of the BCRP 
cDNA (Figure 2C). The final concentrations of primers used was 200 
nM. The final magnesium concentration used for PCR was 700 uM. 
Thirty-five cycles of denaturation (94°C, 1 minute), annealing (50°C, 1 
minute) and elongation (72°C, 2 minutes) were carried out. Following 
agarose gel electrophoresis of an aliquot of the PCR reaction mixture, 
the gels were transferred to nitrocellulose and Southern blotting was 
done as described previously (12), using the 795 bp Clone 8 PCR product 
(5* end labeled with 32 P-dCTP) as a probe for BCRP. The expected PCR 
product length is 446 bp. 

Total cellular RNA was obtained from the blast cells of fourteen 
patients with AML. Controls were done using varying volumes of the 
PCR reaction mixture that was run with reverse-transcribed MCF-7/W 
RNA. The results of these controls and of the RT-PCR assays of the 
patient blast cell samples are depicted in Figure 7. These controls using 
MCF-7/ W RNA indicate the RT-PCR assay we developed is 
quantitative. Note in Figure 7 that some patients have very low levels 
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of expression of BCRP, while others (patients 3, 4, 5 and 7) have levels 

of expression comparable to or greater than that of MCF-7/W cells. 

This variation in expression of BCRP amongst blast cell samples from 

AML patients holds open the possibility that those patients who have 

relatively high expression of BCRP are more resistant to treatment 

with the anti-neoplastic drugs which are susceptible to the resistance 

caused by BCRP (anthracyclines and mitoxantrone). Mitoxantrone and 

the anthracycline daunorubicin are important drugs used in the 

treatment of AML. 



Example 12: Northern blot hybridization in various cancer cell 
lines. 

Total cellular RNA was used for Northern analysis in all cases 
except for H209 or H69 cells, where poly A + RNA was used. RNA 
extraction and Northern blotting were performed by standard 
techniques, and as described in Example 4. A 795 bp fragment (clone 8, 
SEQ ID No. 7) of the 3' end of the 2418 bp BCRP cDNA was used as the 
hybridization probe after labeling with [ 32 P]-dCTP ("Prime-a-Gene" 
labeling kit, Promega, Madison, WI). To control for variations in 
sample loading, the blots were stripped, then re-hybridized with 32 P- 
labeled C-actin or 18S RNA probes. 

Figure 8A shows the results of the Northern blot hybidization of 
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mRNA from MCF-7 cells (lane 1), MCF-7 /MTTOX (lane 2), 8226 /W cells 
(lane 3), and 8226/MR20 (lane 4). The blot was probed for BCRP with a 
795-bp cDNA (done 8, SEQ ID No. 7) after labeling with 32 P-dCTP (top 
panel). To control for equivalence in sample loading, the blot was 
stripped and reprobed for C-actin (bottom panel). 

Figure 8B shows the results of a Northern blot hybridization of 
mRNA from Sl/Ml-3.2 cells (lane 1), Sl/W cells (lane 2), MCF-7/ W 
cells (lane 3), MCF-7/ MX pR cells(lane 4), MCF-7/ MX^ cells (lane 5), 

MCF-7/ MX RS600 cells (lane 6), MCF-7/ VP (MRP+) cells (lane 7), MCF- 

7/Adr (Pgp+) cells(lane 8), MCF-7/ MTX (DHFR+) cells (lane 9), MCF- 
7/ AdrVplOOO (BCRP+) cells (lane 10). The blot was probed as described 
for figure 8A. 

Figure 8C shows a Northern blot hybridization of mRNA from 
human colon carcinoma HT29 cells (lane 1), HT29RNOV cells (lane 2), 
human breast carcinoma MDA-MB-231 cells (lane 3), MDA-MB- 
231RNOV cells (lane 4), human fibrosarcoma EPF86-079 cells (lane 5), 
EPF86-079RNOV cells (lane 6), human gastric carcinoma EPG85-257 
cells (lane 7), EPG85-257RNOV cells Cane 8), EPG85-257RDB (Pgp+) cells 
(lane 9), human pancreatic carcinoma EPP85-181 cells (lane 10), EPP85- 
181RNOV cells (lane 11), and EPP85-181RDB (Pgp+) cells (lane 12). The 
blots were probed as described above for figure 8A. 
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Example 13: Southern blot hybridization 

Genomic DNA was isolated using standard techniques (8) from 
the parental drug sensitive MCF-7/W cells (lanes 1, 7), MCF-7/MX^ 

cells (lanes 2, 8), MCF-7/MX^^ cells (lanes 3, 9), MCF-7/MX RS600 cells 

(lanes 4, 10), MCF-7/VP cells (overexpress MRP, lanes 5, 11) and MCF- 
7/MTX cells (derive resistance by overexpression of DHFR, lanes 6, 12), 
digested with EcoRl or BamHl, separated by 0.8% agarose gel 
electrophoresis, stained with ethidium bromide, transferred, and fixed 
to a nitrocellulose filter, using standard techniques (8). The filter was 
hybridized with the [ 32 P]-labeled 795 bp BCRP probe as described above 
for figure 8 (figure 9, top panel). Ethidium bromide stained 0.8% 
agarose gel electrophoresis of genomic DNA after digestion with the 
restriction endonucleases, and prior to nitrocellulose filter transfer, 
demonstrated approximate equivalency of sample loading (figure 9, 
bottom panel). 



Example 14: Fumitremorgin C (FTC) effects on BCRP 
Transfected Cells 
MCF-7 cells transfected with either the pcDNA3 empty vector 
or pcDNA3 containing the full-length BCRP cDNA (transfectant clone 
8) were cultured as monolayers in tissue culture flasks. The effects of 
FTC on the accumulation of the aza-anthrapyrazole BBR3390 were 
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measured by exposing these cells to the fluorescent aza-anthrapyrazole 
BBR3390 (5 uM) in the presence or absence of 10 uM FTC for 60 
minutes. Then, the cells were removed from the flasks by 
trypsinization, and intracellular BBR339Q content was measured by 
flow cytometry. The effects of FTC on BBR3390 retention were 
measured by exposing another set of cells (vector control and 
transfectant clone 8) to 5 uM BBR3390 with and without 10 uM FTC for 
60 minutes, washing the cells free of drug, then reincubating the cells 
for an additional 30 minutes in fresh medium with and without FTC. 
Intracellular BBR3390 content was measured by flow cytometry. (See 
figure 10). 
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We claim: 

1) Breast Cancer Resistance Protein which induces resistance to cancer 
chemotherapeutic drugs, or fragments or derivatives thereof. 

5 

2) The protein of claim 1 which is about 655 amino acids in length. 

3) The protein of claim 1 which has a molecular mass of 72.3 kilodaltons. 

10 4) The protein of claim 1 which is substantially identical to the sequence in 
SEQ ID No. 1. 

5) An antibody which binds to the protein of claim 1. 
15 6) The antibody of claim 5 which is monoclonal. 

7) The antibody of claim 5 which is polyclonal. 

8) A gene which encodes the protein of claim 1. 

20 

9) The gene of claim 8 which is substantially identical to the sequence in 
SEQ ID No. 2. 
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10) An antisense probe which inhibits expression of the protein of claim 1. 

11) The antisense probe of claim 10 which is substantially identical to the 
sequence in SEQ ID No. 7. 

12) A method of determining the cause of a patient's resistance to cancer 
chemotherapy drugs by assaying for expression of the protein of claim 1, 
whereby overexpression of the said protein indicates that it is the cause. 

13) A method of inhibiting the activity of the Breast Cancer Resistance 
Protein by administering the antibody of claim 5. 



14) A method of inhibiting the activity of the Breast Cancer Resistance 
15 Protein by administering the antibody of claim 6. 

15) A method of inhibiting the activity of the Breast Cancer Resistance 
Protein by administering the antibody of claim 7. 

20 16) A method of inhibiting the activity of the Breast Cancer Resistance 
Protein by administering the probe of claim 10. 
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17) A method of inhibiting the activity of the Breast Cancer Resistance 

Protein by administering the probe of claim 11. 

18) A method of enhancing a cancer patient's, chemotherapy treatment by 
5 administering the antibody of claim 5. 

19) A method of enhancing a cancer patient's chemotherapy treatment by 
administering the probe of claim 11. 

10 20) A method of enhancing a cancer patient's chemotherapy treatment by 
administering Fumitremorgin C. 
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Peptide Sequence of BCRP 

Length: 663 amino acids 

1 AEKIKTLQMS SSNVEVFIPV SQGNTNGFPA TASNDLKAFT EGAVLSFHNI 

Walker A motif 

51 CYRVKLKSGF LPCRKPVEKE ILSNINGIMK PGLNAlMIi|©|p^SLLDV 

101 LAARKDPSGL SGDVLINGAP RPANFKCNSG YWQDDWMG TLTVRENLQF 

151 SAALRIATTM TNHEKNERIN RVIQELGLDK VAD SKVGTQF IRGVSGGERK 

Phosphopantetheine site 

201 RTSIGMELIT DPSILFLDEP ij?!^ KQGRTIIFSI 

251 HQPRYSIFKL FDSLTLIASG RLMFHGPAQE ALGYFESAGY HCEAYNNPAD 

Glyc 

301 FFLDIINGDS TAVALNREED FKATEIIEPS KQDKPL I EKL AEIY^igSFY 
351 KETKAELHQL SGGEKKKKIT VFKEISYTTS FCHQLRWVSK RS FKNLLGNP 



Glyc 

401 QASIAQIIVT WLGLVIGAI YFGLI<$ffiSTG I QNRAGVLFF LTTNQCFSSV 



451 SAVELFWEK KLFIHEYISG YYRVSSYFLG KLLSDLLPMT MLPSIIFTCI 



501 VYFMLGLKPK ADAFFVMMFT LMMVAYSASS MALAIAAGQS WSVATLLMT 



Glyc 

551 ICFVFMMIFS GLL^&TTIA SWLSWLQYFS IPRYGFTALQ HNEFLGQNFC 

TM 2 ^ 

Glyc 

601 PGli^$GNNP CNYATCTGEE YLVKQGIDLS PWGLWKNHVA IACMIVIFLT 
651 IAYLKLLFLK KYS 



FIG. 2A 
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P45844: Human white protein 

L76302: Anopheles albimanus white protein 

r ' BCRP 

Q08234: Yeast ATP-dependent transporter 

P43071: C. albicans MDR protein Cdr1 
r S05789: Yeast mating factor exporter 

i S14174: Yeast mating factor exporter 

S05872: Yeast mating factor exporter 
I M74447: Human Tap1 

' M55637: Mouse Tap1 

i M88599: Entamoeba histolytica Pgp1 

1 M88598: Entamoeba histolytica Pgp2 

I Js0051: Human Mdr2 

r— ' M60042: Chinese hamster Pgp3 

p A25059: Human Mdr1 

L ' M60040: Chinese hamster Pgp1 

_ ' M60041: Chinese hamster Pgp2 

I i M59076: Drosophi/a Mdr49 

• M59077: Drosophila Mdr65 

A32547: P. falciparum Mdr1 

j- M83785: Dogfish CFTR 
■ 1 M76974: Dogfish CFTR 

A30300: Human CFTR 

| Lo5628: Human Mrp1 

A34207: Leishmania PgpA 

FIG. 2B 
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1 


GGGAGGAGGC 


AGCCTGTGGA 


GGAACTGGGT 


AGGATTTAGG 


AACGCACCGT 


51 


GCACATGCTT 


GGTGGTCTTG 


TTAAGTGGAA 


ACTGCTGCTT 


TAGAGTTTGT 


101 


TTGGAAGGTC 


CGGGTGACTC 


ATCCCAACAT 


TTACATCCTT 


AATTGTTAAA 


151 


GCGCTGCCTC 


CGAGCGCACG 


CATCCTGAGA 


TCCTGAGCCT 


TTGGTTAAGA 


201 


CCGAGCTCTA 


TTAAGCTGAA 


AAGATAAAAA 


CTCTCCAGAT 


GTCTTCCAGT 


251 


AATGTCGAAG 


TTTTTATCCC 


AGTGTCACAA 


GGAAACACCA 


ATGGCTTCCC 


301 


CGCGACAGCT 


TCCAATGACC 


TGAAGGCATT 


TACTGAAGGA 


GCTGTGTTAA 


351 


GTTTTCATAA 


CATCTGCTAT 


CGAGTAAAAC 


TGAAGAGTGG 


CTTTCTACCT 


401 


TGTCGAAAAC 


CAGTTGAGAA 


AGAAATATTA 


TCGAATATCA 


ATGGGATCAT 


451 


GAAACCTGGT 


CTCAACGCCA 


TCCTGGGACC 


CACAGGTGGA 


GGCAAATCTT 


501 


CGTTATTAGA 


TGTCTTAGCT 


GCAAGGAAAG 


ATCCAAGTGG 


ATTATCTGGA 


551 


GATGTTCTGA 


TAAATGGAGC 


ACCGCGACCT 


GCCAATTTCA 


AATGTAATTC 


601 


AGGTTACGTG 


GTACAAGATG 


ATGTTGTGAT 


GGGCACTCTG 


ACGGTGAGAG 


651 


AAAACTTACA 


GTTCTCAGCA 


GCTCTTCGGC 


TTGCAACAAC 


TATGACGAAT 


701 


CATGAAAAAA 


ACGAACGGAT 


TAACAGGGTC 


ATTCAAGAGT 


TAGGTCTGGA 


751 


TAAAGTGGCA 


GACTCCAAGG 


TTGGAACTCA 


GTTTATCCGT 


GGTGTGTCTG 


801 


GAGGAGAAAG 


AAAAAGGACT 


AGTATAGGAA 


TGGAGCTTAT 


CACTGATCCT 


851 


TCCATCTTGT 


TCTTGGATGA 


GCCTACAACT 


GGCTTAGACT 


CAAGCACAGC 
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901 AAATGCTGTC CTTTTGCTCC TGAAAAGGAT GTCTAAGCAG GGACGAACAA 

951 TCATCTTCTC CATTCATCAG CCTCGATATT CCATCTTCAA GTTCTTTGAT 

1001 AGCCTCACCT TATTGGCCTC AGGAAGACTT ATGTTCCACG GGCCTGCTCA 

1051 GGAGGCCTTG GGATACTTTG AATCAGCTGG TTATCACTGT GAGGCCTATA 

1101 ATAACCCTGC AGACTTCTTC TTGGACATCA TTAATGGAGA TTCCACTGCT 

1151 GTGGCATTAA ACAGAGAAGA AGACTTTAAA GCCACAGAGA TCATAGAGCC 

1201 TTCCAAGCAG GATAAGCCAC TCATAGAAAA ATTAGCGGAG ATTTATGTCA 

1251 ACTCCTCCTT CTACAAAGAG ACAAAAGCTG AATTACATCA ACTTTCCGGG 

1301 GGTGAGAAGA AGAAGAAGAT CACGGTCTTC AAGGAGATCA GCTACACCAC 

1351 CTCCTTCTGT CATCAACTCA . GATGGGTTTC CAAGCGTTCA TTCAAAAACT 

1401 TGCTGGGTAA TCCCCAGGCC TCTATAGCTC AGATCATTGT CACAGTCGTA 

14 51 CTGGGACTGG TTATAGGTGC CATTTACTTT GGGCTAAAAA ATGATTCTAC 

1501 TGGAATCCAG AACAGAGCTG GGGTTCTCTT CTTCCTGACG ACCAACCAGT 

1551 GTTTCAGCAG TGTTTCAGCC GTGGAACTCT TTGTGGTAGA GAAGAAGCTC 

1601 TTCATACATG AATACATCAG CGGATACTAC AGAGTGTCAT CTTATTTCCT 

1651 TGGAAAACTG TTATCTGATT TATTACCCAT GACGATGTTA CCAAGTATTA 

5' 1727 1744 

1701 TATTTACCTG TATAGTGTAC TTCATG jrTAG GATTGAAGCC AAAG| GCAGAT 



|5' PCR PRIMER (SENSE) 
1751 GCCTTCTTCG TTATGATGTT TACCCTTATG ATGGTGGCTT ATTCAGCCAG 

1801 TTCCATGGCA CTGGCCATAG CAGCAGGTCA GAGTGTGGTT TCTGTAGCAA 

FIG. 2C-2 
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1851 CACTTCTCAT GACCATCTGT TTTGTGTTTA TGATGATTTT TTCAGGTCTG 

1901 TTGGTCAATC TCACAACCAT TGCATCTTGG CTGTCATGGC TTCAGTACTT 

1951 CAGCATTCCA CGATATGGAT TTACGGCTTT GCAGCATAAT GAATTTTTGG 

2001 GACAAAACTT CTGCCCAGGA CTCAATGCAA CAGGAAACAA TCCTTGTAAC 

2051 TATGCAACAT GTACTGGCGA AGAATATTTG GTAAAGCAGG GCATCGATCT 

2101 CTCACCCTGG GGCTTGTGGA AGAATCACGT GGCCTTGGCT TGTATGATTG 
2152 2172 



2151 TlTATTTTCCT cacaattgcc tacctgaaat tgttatttct taaaaaatat 



2201 tcttaaattt ccccttaatt cagtatgatt tatcctcaca taaaaaagaa 

22 51 gcactttgat tgaagtattc aatcaagttt ttttgttgtt ttctgttccc 

2301 TTGCCATCAC ACTGTTGCAC AGCAGCAATT GTTTTAAAGA GATACATTTT 

2351 TAGAAATCAC AACAAACTGA ATTAAACATG AAAGAACCCA AAAAAAAAGA 

24 01 TATCACTCAG CATAATGA 



FIG. 2C-3 
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SXQOTHCX LISTING 

<110> Doyle, I** Austin 
Abrusso, Lynn* V. 
Ross, Douglas D. 

<120> Breast Cancer Resistance Protein (BCRP) and SNA which 
encodes it 

<130> Ross OMb conversion 

<140> 011*005 
<141> 1999-02-05 

<150> 60/073763 
<151> 1998-02-05 

<160> 7 

<170> PatentXn Ver. 2.0 

<210> 1 
<211> 655 
<212> PRT 

<213> Human MCP-7/AdrVp cells 
<400> 1~ 

Met Ser Ser Ser Asn Vel Olu Val Phe He Pro Val Ser Gin Oly Asn 

1 5 10 15 

Thr Asn Oly Phe Pro Ala Thr Ala Ser Asn Asp Leu Lys Ala Phe Thr 

20 25 30 

Olu Oly Ala Val Leu Ser Phe His Asn He Cys Tyr Arg Val Ly« Leu 
35 *° 45 

Lys Ser Oly Phe Leu Pro Cys Arg Lys Pro Val Olu Lys Olu He Leu 
50 55 60 

Ser Asn He Asn Oly lis *«t Lys Pro Oly Leu Asn Ala He Leu Oly 

65 70 75 80 

Pro Thr Gly Oly Oly Lys Ser Ser Leu Leu Asp Val Leu Ala Ala Arg 
85 90 95 

Lys Asp Pro Ser Oly Leu Ser Oly Asp Val Leu He Asn Oly Ala Pro 

100 105 110 
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Arg Pro XI* Asn Phe Lya Cye 

115 

Val Val Mat GXy Thr Leu Thr 
130 135 

Ala Leu Arg Leu Ala Thr Thr 
145 150 

Ila Aan Arg Val I la Gin Glu 

165 

Lya Val Gly Thr Gin Pha XI a 
180 

Arg Thr Sar IXa Qly Met Glu 
195 

Leu Aap Glu Pro Thr Thr Gly 
210 215 

Leu Leu Lau Leu Lya Arg Met 
225 230 

Sar Xle Bis Gin Pro Arg Tyr 
245 

Thr Leu Lau Ala Sar Gly Arg 
260 



Aan Sar Gly Tyr Val Val Gin Aap Aap 

120 125 

Val Arg Glu Aan Leu Gin Phe Ser Ala 
140 

Mat Thr Aan Rla Glu Lya Aan Glu Arg 

155 160 

Leu Gly Leu Aap Lya Val Ale Aap Ser 

170 175 

Arg Gly Val Ser Gly Gly Glu Arg Lya 
185 190 

Leu XXe Thr Aap Pro Ser XXe Leu Phe 

200 205 

Leu Aap Ser Ser Thr AXa Aan Ala Val 
220 

Sar Lya Gin Gly Arg Thr XXe XXe Phe 
235 240 

Ser XXe Phe Lya Leu Pha Aap Ser Leu 

250 255 

Leu Met Phe Bia GXy Pro AXa GXn GXu 
265 270 

AXa GXy Tyr His Cya GXu AXa Tyr Aan 



AXa Leu GXy Tyr Pha GXu Ser 

275 280 

Aan Pro Ala Aap Pha Phe Leu Aap 

290 295 

Val Ala Lau Aan Arg Glu Glu Aap 
305 310 

Pro Ser Lya Gin Aap Lya Pro Leu 

325 



285 

Xle XXe Aan GXy Aap Ser Thr AXa 
300 

Phe Lya AXa Thr GXu XXe XXe GXu 

3X5 320 

XXe GXu Lya Leu AXa GXu IXa Tyr 
330 335 



VaX Aan Sar Ser Pha Tyr Lya Glu Thr Lya Ala Glu Leu Bia Gin Leu 
340 345 350 

Ser Gly Gly Glu Lya Lya Lya Lya Xle Thr Val Phe Lya Glu lie Ser 
355 360 365 
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Tyr Thr Thr Sar Pha Cys His Gin Lau Arg Trp Val Sar Lys Arg Sar 

370 375 380 

Pha Lys Asa Lau Lau Gly Asn Pro Gin Ala Ser Ila Ala Gin Ila Ila 

385 390 395 400 

Val Thr Val Val L«u Gly Lau Val Ila Gly Ala Ila Tyr Pha Gly Lau 
405 410 415 

Lys Aan Asp Sar Tar Gly Xla Gin Aan Arg Ala Gly Val Iiau Pha Pha 
420 425 430 

Iiau Tar Tar Asa Gin Cys Pha Sar Sar Val Sar Ala Val Glu Lau Pha 
435 440 445 

Val val Glu Lys Lys Lau Pha Ila His Glu Tyr Ila Sar Gly Tyr Tyr 
450 455 460 

Arg Val Sar Sar Tyr Pha Lau Gly Lys Iiau Lau Sar Asp Lau Lau Pro 
465 470 475 480 

Mat Thr Mat Lau Pro Sar Ila Ila Pha Tar Cys Ila Val Tyr Pha Mat 
485 490 495 

Lau Gly Lau Lys Pro Lys Ala Asp Ala Pha Pha Val Mat Mat Pha Thr 

500 505 510 

Lau Mat Mat Val Ala Tyr Sar Ala Sar Sar Mat Ala Lau Ala lie Ala 

515 520 525 

Ala Gly Gin Sar Val Val Sar Val Ala Thr Lau Lau Mat Thr Ila Cys 
530 535 540 

Pha Val Pha Mat Mat Ila Pha Sar Gly Lau Lau Val Asn Lau Thr Thr 
545 550 555 560 

Ila Ala Sar Trp Lau Sar Trp Lau Gin Tyr Pha Sar Ila Pro Arg Tyr 
565 570 575 

Gly Pha Thr Ala Lau Gin His Asn Glu Pha Lau Gly Gin Asn Pha Cys 
580 585 590 

Pro Gly Lau Asn Ala Thr Gly Asn Aan Pro Cys Asn Tyr Ala Thr Cys 
595 600 605 

Thr Gly Glu Glu Tyr Lau Val Lys Gin Gly Ila Asp Lau Sar Pro Trp 
610 615 620 
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Oly Leu Trp Lye Aen Hie Val Ala Lou Ala Cye Met: lie Val. He Pfee 
625 630 635 e«0 

Leu Thr Ila Ala Tyr Leu Lye Leu Leu Phe Leu Lye Lye Tyr Ser 
645 650 555 



<210> 2 
<211> 2418 
<212> DMA 

<213> Hunan MCT-7/AdxVp cells 
<400> 2 

gggaggaggc agcctgtgga ggaactgggt aggatttagg aacgcaccgt gcacatgctt 60 
ggtggtcttg ttaagtggaa acfcgctgctt tagagtttgt ttggaaggtc cgggtgactc 120 
ateccaacat ttacatcctt aattgttaaa gcgctgectc cgagcgcacg catcctgaga 180 
tcctgagcct ttggttaaga ccgagctcta ttaagctgaa aagataaaaa etctccagat 240 
gtcttccagt aatgtcgaag tttttatccc agtgtcacaa ggaaacaeca atggcttccc 300 
cgcgacagct tccaatgacc tgaaggcatt tactgaagga gctgtgttaa gttttcataa 360 
catctgctat cgagtaaaac tgaagagtgg ctttctacct tgtcgaaaac cagttgagaa 420 
agaaatatta tcgaatatca atgggateat gaaacctggt ctcaacgcca tcctgggacc 480 
cacaggtgga ggcaaatctt cgttattaga tgtcttagct geaaggaaag atccaagtgg 540 
attatctgga gatgttctga taaatggagc accgcgacct gccaatttca aatgtaattc 600 
aggttacgtg gtacaagatg atgttgtgat gggcactctg acggfcgagag aaaacttaca 660 
gttctcagea gctcttcgge ttgcaacaac tatgacgaat catgaaaaaa acgaacggat 720 
taacagggtc attcaagagt taggtctgga taaagtggca gactccaagg ttggaactca 780 
gtttatccgt ggtgtgtctg gaggagaaag aaaaaggact agtataggaa tggagcttat 840 
cactgatcct tccatcttgt tcttggatga gcctacaact ggcttagact caageacagc 900 
aaatgctgtc cttttgctcc tgaaaaggat gtctaagcag ggacgaacaa tcatcttctc 960 
cattcatcag cctcgatatt ceatcttcaa gttgtttgat agcctcacct tattggcctc 1020 
aggaagactt atgttccacg ggcctgctca ggaggccttg ggatactttg aatcagctgg 1080 
ttatcactgt gaggcctata ataaccctgc agacttcttc ttggacatca ttaatggaga 1140 
ttccactgct gtggcattaa acagagaaga agactttaaa gccacagaga tcatagagcc 1200 
ttceaagcag gataageeac teafcagaaaa attagcggag atttatgtca actcctcctt 1260 
ctacaaegag acaaaagctg aattacatea actttccggg ggtgagaaga agaagaagat 1320 
cacggtettc aaggagatca gctacaccac ctccttctgt catcaaetca gatgggtttc 1380 
caagcgttca ttcaaaaact tgctgggtaa tccccaggcc tctatagctc agatcattgt 1440 
caeagtcgta ctgggactgg ttataggtgc catttacttt gggctaaaaa atgattctac 1500 
tggaatccag aacagagctg gggttctctt cttcetgaeg aeeaaccagt gtttcagcag 1560 
tgtttcagcc gtggaactct ttgtggtaga gaagaagctc ttcatacatg aatacatcag 1620 
cggatactac agagtgtcat cttatttcct tggaaaactg ttatctgatt tattacceat 1680 
gacgatgtta ccaagtatta tatttacctg tatagtgtac ttcatgttag gattgaagcc 1740 
aaaggeagat gccttcttcg ttatgatgtt tacccttatg atggtggctt attcagccag 1800 
ttccatggca ctggccatag cagcaggtca gagtgtggtt tctgtagcaa cacttctcat 1860 
gaccatctgt tttgtgttta tgatgatttt ttcaggtctg ttggtcaatc tcacaaccat 1920 
tgcatettgg ctgtcatggc ttcagtactt cagcattcca cgatatggat ttacggcttt 1980 
gcagcataac gaatttttgg gacaaaactt ctgcccagga ctcaatgcaa caggaaacaa 2040 
tccttgtaac tatgeaacat gtactggcga agaatatttg gtaaagcagg gcatcgatct 2100 
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ctcaccctgg ggcfctgtgga agaateaegt ggcctftggct tgtatgafctg ttactttect 2160 
caeaattgee taecfcgaaat tgttatttct taaaaaatat tcttaaattt ceecttaatt 2220 
cagtafcgatt tatcctcaca taaaaaagaa gcactfctgat tgaagtattc aateaagttt 2280 
ttttgttgtt ttctgttccc ttgccatcac acfcgttgeac ageageaabt gttttaaaga 2340 
aataoatttt tagaaateac aaeaaaetga attaaacatg aaagaaceea aaaaaaaaga 2400 

24X8 

tatcactcag cafcaatga 

<210> 3 

<211> 16 

<212> DKX 

<213> Bamo sapiens 

<400> 3 

cgaccgacga cacaga 

<210> 4 

<211> 21 

<212> DKA 

<213> Bono aapiana 

<400> 4 

cttaaaatga atgcgattga t 21 

<210> 5 

<211> 19 

<212> SNA. 

<213> Bono aapiana 

<400> 5 

ttaggattga agccaaagg 19 

<210> 6 

<211> 21 

<212> DHX 

<213> Homo sapiana 



<400> 6 

taggcaattg tgaggaaaat a 21 

<210> 7 

<211> 795 

<212> DKX 

<213> Bono aapiana 

<400> 7 

tcattatgct gagtgatatc tttttfctttg gaaaactgtt atcfcgafctta ttacccatga 60 
cgafcgfctacc aagtattata tttacctgta tagtgtactt catgttagga ttgaagccaa 120 
aggcagatgc cttcfctcgtt atgatgttta cccttatgat ggtggcfctat tcagccagtt 180 
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ccatggcact ggccafcagca gcaggteaga 
ccafcctgttt tgtgtttatg atgatttttt 
catcttggct gtcatggctt cagtacttca 
agcataatga atttttggga caaaacttct 
cttgtaacta tgcaacatgt actggcgaag 
cacccfcg g g g cttgtggaag aatcacgtgg 
caafctgccta cctgaaattg ttatttctta 
gtatgattta tcctcacata aaaaagaagc 
ttgttgtttt ctgttecctt gccatcacac 
tacattttta gaaatcaeaa eaaactgaat 
tcactcagca taatg 



gtgtggtttc tgfcagcaaca cttctcafcga 240 
caggtctgtt ggtcaatetc acaaccattg 300 
gcattccacg atafcggafctt acggetttgc 360 
gcceaggaet caatgcaaea ggaaacaatc 420 
aatatttggt aaagcagggc atcgatctct 480 
cettggcttg tatgattgtt attttcctca 540 
aaaaatattc ttaaatttcc ccttaatfcca 600 
actttgattg aagtattcaa tcaagttttt 660 
tgttgcacag cagcaattgt tttaaagaga 720 
taaacatgaa agaacccaaa aaaaaagata 780 

795 
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